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This invention relates to plasticizers and more panic- 
ulaxly to energetic plasticizers for plastic-bonded cxplo- 
SiVtsl 

Examph of energetic phitiers which are cur- 
rently used in plastic-bonded cxpksiv~ (PBXs) arc 
bh(24luom2, 2dhitwthyl) foti (FEFO), butane- 
trio1 titrate (BITN), and ticthylokthant titrate 
p%Em)* Thest compounds have various disadvaa- 
taga B-I-I-N and TMETN have limited thcnnaJ stab& 
ily. while FEFQ has cxcellcnl lhefmal slabtity, it sufi 
fers from high volatility and toxicity; it aho has a high 
melting point. It therefore would be d&r&bit to mini- 
mize Of uvtnxme the disadvantages of E1FU WI& 
main-g its energy density and thermal stabtity. 

SUMMARY OF TH3S ImmION 
Accordingly, an object of this inv~lth is to provide 

a acw organic compound. 
Amther object of &is invention is UI provide a new 

energetic plmiciza for pkstic-bonded cxplosivcs. 
A further object of this ixwe~~tiou is TV prov& an 

energetic plasticiza iwing a IOW melthg point and low 
voiatsity. 

Yet mother object of this invention is to provide a 
new pktstickr btig h&h energy con-t and high 
thermal st2mty. 

P 
These and other objects of this invention are 

\ achieved by providing bis(2-fluoro-2+2dinitr~thoxy) 
(I-fluo~~1,l-dinitro-2-propaxy) methane (M 
EDMQE;), CF(N02)2CH(C~~)OCH[UCH2CF: 
(N02)&9 Bi~(2-fh1oro-2,2dUroc~oxy)( 1 -flusto- 1 , 1 - 
dinitr*2-propoxy) metit is prepred by the follow- 
ing ramion sequence: 

M-FDNEOF mixa in all ratios with FEFO to produce 
energetic plasticizcts for plastic-bonded expbivcs. 

DETAILED DESCRTITIUN QF THE 
PREFERRED EMBODIMENT 

Bis( 2-fluoro-22ainitroet~~~y)( l-fhoru- I,1 dtitro- 
2-ppoxy) methane (M-FINEOF) is a new compound 
which has been found to act as an mergetic caplasti- 
cider for bisi2-r?uorolt,2-dinitroethyl) formal (FEFO) 
in cambinati0n with various energetic and non-enere 

n gzric prepo&mers commonly used in plastic-bonded 
explosive (PBX) formulations. M-FDNEUF is a low 
melting solid (mp 47’~9’ C. ) with a caiculated liquid 
density at 25’ C. of 1.6&~/c&. Its heat of formation is 
estimated tu be - 314 kcaVmo1. M-FDNEOF is almost 

2 
equal ta FEFO in energy content (calculated detona- 
tion pressure, 243 kbar versus 248 kbar for FEFO). 
Therefore, the addition of M-FDNEOF to FEFO does 
not significantly change the energy content of the sys- 
tem. M-FDNEOF is miscible with FEFO in al1 propor- 
tions, and forms a binary tutectic with FEFU in the 
approximate weight ratio of FEFOW 
FDNEOF=?O;30, mp 3’ C. Thus the addition of M- 
FINEOF, particuhuly in this amouat, to FEFQ results 
~II a significant decresast of the plasticizer mebtig point; 
cbis will convey improved low-temperature gropetics 
to plastic-bond4 explosives using the plastictier mix- 
ture in place of FEFO alone. The volatility of M- 
FINEOF was dctermineci by thermogravimetric aal- 
ysis (TGA) at 117’ C. The weight !oss was 0.003 
mg/mi~~, compared to 0.039 mg/min for FEFO, Thus, 
the volatility of M-FDNEOF is lower than that of 
FEFO by a factor of ten. The volatility of the piasti- 
tier titure wSl therefore be substantially lower than 
that of pure FEFO, and the volatility of FEFO wiil be 
reduced because of its reduced cuncenttatian. Note: 
M-FDNEOF wiu aiso form tied plasticizers with 
other coplasticks such as bis(2-fluoro-2,2dinitroe- 
thyl)aminc. BFDNA. 

The energetic plastticizcr mixture is made of from 
more than zero m lGss than loo, preferably from 20 to 
50, more preferably from 25 to 40, and most preferably 
about 30 pcrccnt by weight of b&(2-fluoro-2,2dinitroe- 
thoxy)@fluorolI, ldinitrm2-propoxy)methanc (M- 
FDNEQF) with the rtmainder being bis(2-fluoru-2,2- 
dinhuethyl) forz& (FEFU). 

%(2-fIuorol2,2dtitroethoxy)( I-fluoroll ,1 dinitro- 
2-propoxy) methane is prepared by the foliowing reac- 
tion sequence: 

(exampie 1; 
pnot art) 

(Note tbt Example 2 illustrates the ptior m pfepara- 
tion of HOCH(CH3)CF(NU& which is used in exam- 
ple 4,) 

Bis(2-nuarb2,2-dinitraerhoxy)( 1 -fhoro- 1,1 dinitro- 
Z-propoxy) methane is prepared by ttacting one mole of 
chloro b~2-fluora-a,Z-dinitroethoxy jmethane with one 
male of I-fluoru- 1 ti 1 -dinitro-2-propanol under reflux 
cunditions as described in Example 4. 

The I-fhoro- 1, kiinitro-2-propanol used in example 
4 may be preparti according to the procedure de- 
scribed in exampie 2 (prior art). 

The chloro bis(Z-fluoro-2.2dinitroethoxv)merhane . 
used in Example 4 was prepared by refluxing a solution 
of tris@fluoro-2,2-dinitroerhoxyj methane. aiuminum 
chlofide, and ace@ chloride under the conditions de- 
scribed in Example 3. 

The tris(2-fluoro-2.2-dinitroethox)I)methane used in 
example 3 was prepared by reacting 3 moles of 2-fluoro- 
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2,2dmmetham1 with one mole of ctrloroform in the 
P~CSCIICC of hydrous ferric chkidc under the condi- 
tians disclosed in Example 1 (prior art). 

The general nature of the invention having been set 
fmh, the following examples arc prcsented as specific 
ihstrations thereof. It will be understood that the in- 
vention is not limited to these specific examples but is 
susccptiMc to vtiotJs xlmiifrcatioxls that will be rccag- 
tibyancofardinaryskillinthtart 

EXAMPLES 

Examples 1 alllci 2 zue quoted from prior art sour- tu 
iluustmte mclhQd3 of preparing ccrkxl staning materi- 
ah 

Exaqlt 1 is incorpOnUed fkOm U.S. Pat. No. 
3,388,147 mtitkd ‘%Flu0ro-~2dk1jtroethyl Carbun- 
aa and Froductiion Thereof,” which issued on June i 1, 
1968 to Moniker J. &u&t et al. (see col. 3, lines 
22-x). 

EXAMPLE 3 
(prior ait) 

tris(2fluot62,2~~~~y~~~hoformatc 

“A mixture of 0.5 g* anhydrous ferric chioride and 10 
ml* chiorofarm was place in a 30 znL round-botiom 
flask fitted with a magnetic stirrer and a refIux cdll- 
denser c~nn& through a bubbler to a methanol garr 
-trap. 2-fluorol2JdinitrOethanQ~ 20 g. (0.013 mule) was 
added and the mixnm s&r& and rcfluxcd for 24 how 
after which time the mixture was cuQlcd to room tcm- 
peratnre and the solvent removd in vacua.” 

The r&due was drown4 in iced WOW, stirred unti 

P 
the ferric chloride d&solved and the crystz&ue produd 
callected, RccrystAlAion of this material from chlol 
reform-hcxane gave 1.38 g, (68%) pure ti(24uorol 
&2dinitr~~yl)oirhQfQnnate (FDNEOF) as tie color- 
Ies mcfu~ M-P. 1101111.2’.” 

kple 2 is incorporated from Adolph, %xst G., 
44Ruoronimdiph V. Car&y1 Additions of 
Flu0rodinitrometW& Jorrrnai af Oqanic Cttemisrry, 
vol. 35, no. 9, 197Q page 3 188 +, at page 3 189, bottom 
of culumn 2. 

EXAMPLE 2 

c 

l-flume 1,l diaitr~2-propanol 
“ I-fluore 1,l -diniuopropanul-2. A 38 % aqueous su- 

hian af acetaldehyde, 5.2 g, was add& TV a well- 
stirred and c&cd mixture of 3.7 g of fluorodtitromc- 
thant and 5 ml of watera A few drops of saturated so- 
dium bicarbonate solution was added and the mixture 
stimd with continued cooling for 1 hr, It was then 
acidif& with dilute sulfuric acid, the product extracted 
into methyimc chloride, and the extract dried and d& 
tilled* Obtied was 4 g (79%), bp w-32, (0.5 mm).” 

Examples 3 and 4 ixfustrate the preparation of ;ht 
com~unds of ti invemiun. 

-MPLE 3 
cMoro bis(2-fluoro12,Zdinitroethoxy)methane 

.4 solution of tris(t-fluoro12,~ldinitroethoxy)mcthane 
(23.6 g, 0.050 mol), alum~ttm chloride (12.0 g, 0.090 
mol) and acetyl chloride (200 g) was refluxed for i-5 
hours and then concentrated un a rutar)t evaporator to 

4 
a viscms liquid. This was extracted with chlmofom 
(2 X 50 ml). After treatment U&I activated charcoal (2 
g), MS solution was filtered and concentrated (rot. 
tvap., 40’ bath) to 23 g of residue from which 8S3 g 
(87%) of fluarodtitruethyl acetate (bp Qo-3’ AI. 1 mm) 
was removed by distillation. The residual liquid (14.14 
g, 80% yield) was chloru bis(Muoro-2,2=dinitrocrhox- 
y)mcthme free of contsminants by IH NMR a&sis. 

Anal. C&d far C5H5ClF~N4Qo: C, 16.94; H, 1.42; 
Cl, 10.00; F, N, 15.42. 

EXAMPLE 4 

propoxy)methaw 

The CldO~Ofod of Examble 3, 3.54 g (0.0 10 mol), 
was ref’hx~ with 1.68 g (Ok0 moI) of I-fluoro-l,l- 
ciiktro-2-propanal in 10 ml af ckMoroethme for 6 
hours. Volath were remwed on a rotary evaporator 
at aspirator pressure, thm at 0.25 mm (110’ C. bath) to 
give a &rk red Iiquid r&due. FWation of a dichloro- 
II&UK SOMOII (50 ml) of this material through silica 
gel (3 g) gave 3.81 g of yellow Ii&d, which crystallized 
OII staoding. 1H NMR dysis &owed the solid to be a 
rmixnue of 0.4 g of t&(2-fluor+2,2dinitroethoxy) 
methane afui 3.4 g (70%) of bis(2-fluoro42Idinitroc- 
lb%y)( 10flwro- f , ldinitr+Z-propxy)methant. Re- 
crystallization from chloroform provided pure b&(2- 
fl~or&,2dk&oeth0~y)(l-flwro-l, ldinitro-2=propox- 
y)mtthant; m.p. 47-9’ cw; W IMR (CDCIJ) 6569 (s, I), 
5.30 (d of q, 1, J-18 Hz, 6 Hz), 4.73 (d, 4, J- 15 Hz), 
1.50 (d, 3, J-6 Hz). AhaL Calcd for C&F3N&ls: C, 
i9.76; II, 1,87; F, 11.72; N, 17.29. Found: C, 19.71; K, 
1.82; F, 11.83; N, 16.95. ’ 

Obviously numemus modifications and variations of 
the present invention are possible in light of the above 
teachings. It is therefore to bt understood that within 
the scope of tie appended claims the invention may be 
pracniccd othcMse than as sptcifkally dPrrribed 
herein. 

What is claimed as new and d-tied to be scmred by 
Letters Patent of the Waited Statu is: 

I. Bis(2-fluoto-2,2-dinitrotthoxy)( 1 -fluaro- 1,1 dini- 
W-2,propoxy) methane. 

3. Chloro b&(2-fluoro&Min.itrocthoxy)methane. 
3. A mixture comprising ssentially from mme than 

zero to less than 100 weight percent of bis(t-fluoro-2.2. 
dinitmethoxy) (1 -fluorol 1,l dinitro-2-propoxy)methane 
with his (2.fluor+2,2di&roerhyl) formal being the 
rem&der of the miiture. 

4. The mixlure of cl&n 3 comprising essentiaIJy from 
20 to 50 weight percent of bis(2lnuor~2,2dinitroe~hox- 
y)( I-fluoro- l,l-d.ixbo-2-propkxy) methane with bis(Z- 
fluoro-2,2dinitrmthyl) formal being the remainder. 

5. The mixture of claim 4 comprising essentially from 
25 to 40 weight percent of bis(2-fluoro-2,2dinitroethox- 
y)t I-fluoto-i, l+Mtro-2-ppxy) methane with bis(2- 
fluoro-2,2dinitroethyl) fonnd being the remainder. 

6. The mixture of ckim 5 comprising essentially 
about 30 weight percent of bis(2-fluoro-2,2-dinitroe- 
thoxy)(l-fluoru-1,1dtitro-2-propxyj methane and 
about 70 weight percent of bis(2-fluoto-2.2-dinitro- 
ethyl) fdrmal. 

+ l 8 l * 


